[Abstract] Examining the interaction of peptides with lipid bilayers to determine binding kinetics is often performed using surface plasmon resonance (SPR). Here we describe the technique of dual polarisation interferometry (DPI) that provides not only information on the kinetics of the peptide binding to the bilayer, but also how the peptide affects the lipid order of the bilayer.
effective therapeutics we need to understand the nature of the interaction of the peptide with the cell membrane and why this interaction results in cell death. That is, we need to know the full sequence of events that occurs between the peptide and the membrane in real time; from the initial electrostatic interaction of the peptide with the bilayer, to phospholipid selectivity, to final disruption of the membrane including changes in lipid order.
Most techniques that examine peptide-lipid interactions have a limited capacity to provide information on the entire process. For example, surface plasmon resonance (SPR) provides binding data in real time but does not reveal how peptide binding affects membrane structure (Green et al., 2000; Mozsolits and Aguilar, 2002) . Other techniques such as quartz crystal microbalance (QCM) and atomic force microscopy (AFM) provide very little time resolved data as they provide information on the overall state of the system. In contrast, dual polarisation interferometry (DPI) provides real-time changes and enables quantification of the thickness, mass/density and birefringence of the membrane during peptide binding.
Birefringence quantifies the degree of alignment and uniaxial packing of the lipid molecules. The changes in birefringence that occur relative to the amount of peptide bound provide information on the rate that membrane order changes, which is not available with other techniques. DPI provides unique insights into the mechanism of peptide binding, including how the peptide destabilizes the membrane, by following the dynamic changes that occur in real time as peptide binding disrupts the packing of the lipids.
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This method describes DPI measurements used to examine the interaction between peptides and lipid bilayers using the Analight BIO200 (Farfield Group Ltd, Manchester, UK). The interaction between the bilayer and the interacting peptide occurs on a dual slab waveguide sensor chip that is illuminated with two alternating polarized laser beams (He-Ne, wavelength 632.8 nm). The sensor chip has four layers of silicon oxynitride deposited on a silicon wafer surface with an upper sensing waveguide that supports the lipid bilayer, and a lower optical reference waveguide. Two orthogonal polarizations are passed through the sensor chip creating two different waveguide modes; the transverse electric (TE) and transverse magnetic (TM). Both of these modes generate a field spanning from the top sensing waveguide surface to the materials coming into contact with the sensor surface. The molecules that make contact with the surface change the refractive index. When this occurs, the phase difference between the sensing waveguide and the buried reference waveguide is altered and the position of the interference fringes changes. This interference fringe pattern for both the TE and TM illuminates a 1,024 x 1,024 element-imaging device and the data from this is transferred to the digital signaling processing unit. Data is collected every 2 milliseconds using a spatial Fourier transform method and is transferred to the computer for real time data display and further analysis of the data to reveal thickness, RI and birefringence values.
Materials and Reagents
Note: All solutions must be degassed prior to running on the DPI machine. This is created by constantly turning the tilted vial in the warm bath under the stream of nitrogen gas. The gas is at a flow rate that just causes a disruption to the surface of the lipid mixture.
Once all the visible liquid is evaporated, the nitrogen gas stream is increased and the tube is given a final blow out to remove remaining organic solvent. Remove all the air from the syringe prior to attaching to the extruder assembly. Once the liposomes are prepared they should be used immediately for DPI.
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2. A highly clean chip surface is a critical step in forming lipid bilayers with reproducible structure.
The washing procedure is performed after the chip is loaded into the machine and thus the lines are cleaned at the same time. The silicone oxynitride AnaChip is cleaned using a three-step washing procedure involving an initial wash of 10% Hellamanex II, injected at 25 μl/min for 8 min. A second wash of 2% SDS injected at 50 μl/min for 4 min followed by the third wash of 100% ethanol at 50 μl/min for 4 min. A water rinse at 50 μl/min for 2 min is performed between all three wash steps.
3. After cleaning the chip, the interference fringes for each channel are set up in the set channel window. To calibrate the channels on the chip, press the button that has three parallel vertical lines and snap a high resolution image to observe the quality of the chip. Each of the three channels should have distinct bands and a relatively even pattern corresponding to the valleys and the peaks of light (Figure 1) . If the chip quality is okay, data acquisition begins by pressing the start button.
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Data analysis
A. Data processing using Analight Explorer 1. Open the data file in the Analight Explorer software. 
Notes
Graphing data: DPI generates thousands of data points, initial calculations involving these data points can be done in Microsoft excel type programs. However, Graphpad Prism or Sigma plot is more efficient for graphing the entire data set due to the large number of data points that need to be graphed.
Recipes
1. Bulk buffer (10 mM MOPS buffer pH 7 with 150 mM NaCl) 10 ml 0.1 M MOPS
